Abstract The presence of a family history of glaucoma is a known risk factor for primary open-angle glaucoma (POAG) in middle-aged and older individuals. In this study, our aim was to demonstrate possible early glaucomatous alterations in young first-and seconddegree relatives of POAG patients by spectral-domain optical coherence tomography. A total of 104 participants (52 relatives of POAG patients and 52 healthy individuals) were recruited in this cross-sectional study. All the participants were between 17 years and 45 years of age. All eyes underwent testing with spectral-domain optical coherence tomography. Peripapillary retinal nerve fiber layer thickness, hemifield macular thickness, macular ganglion cell complex thickness, posterior pole asymmetry analysis, and retinal arteriolar caliber measurements were taken for comparison between the study and control groups. The mean peripapillary retinal nerve fiber layer thickness was 104.9 AE 8.8 mm in the study group and 105.6 AE 7.4 mm in the control group (p Z 0.68). Although whole macular thickness measurements were higher in the control group when compared with the study group (p Z 0.008), the macular ganglion cell complex thickness was similar in both groups (p Z 0.87). The posterior pole asymmetry analysis revealed no statistically significant difference between the groups in the aspect of consecutive black squares (p Z 0.79). The mean retinal arteriolar caliber was 85.9 AE 4.8 mm in the study group and 86.0 AE 5.0 mm in the control group (p Z 0.90). In conclusion, young relatives of POAG patients do not show characteristic glaucomatous damage when compared with the controls.
Introduction
Primary open-angle glaucoma (POAG) is the most common type of glaucoma, and is characterized by progressive degeneration of retinal ganglion cells and axons [1] . Risk factors of POAG include increased intraocular pressure (IOP), thinner central corneal thickness (CCT), older age, and a positive family history of POAG [2, 3] . There is a 20% risk of glaucoma in both first-and second-generation relatives of those affected compared with controls [4] . As vision loss from POAG is preventable when the disease is managed in its initial stages, early detection is important in high-risk populations such as relatives of POAG patients [5] .
Screening and examining for POAG diagnosis mainly includes IOP measurements, evaluation of the optic nerve head, and visual field testing. Although these examinations are very important, they are not always enough to make an early diagnosis. The earliest observable damage in POAG is atrophy of the retinal nerve fiber layer (RNFL) [6] . It was demonstrated that up to 35% of retinal ganglion cells may be lost before a defect occurs in standard visual field analysis [7] . Sometimes, a loss of a lesser percentage of retinal ganglion cells can produce a small but definite visual field defect when it happens to be confined to an entire RNFL axon bundle.
Recently, a new assessment tooldevaluation of asymmetry in hemifield macular thicknessdhas been introduced for the early diagnosis of glaucoma [8] . Additionally, it was reported that retinal arteriolar narrowing is associated with long-term risk of POAG [9] . The aim of this study was to evaluate the peripapillary RNFL thickness, macular ganglion cell complex (GCC) thickness, posterior pole asymmetry, and retinal arteriolar caliber (RAC) in young relatives of POAG patients. One of our starting points was that it is possible that relatives of glaucoma patients have fewer retinal ganglion cells at the start of their lives and are therefore more likely to display thinner retinal layers. In contrast to previous reports, we included only young adults in order to eliminate age-related glaucoma risk [5, 6] . We hypothesized that new early diagnostic techniques may show some defects in the posterior pole retina of young relatives of POAG patients.
Materials and methods
In this cross-sectional and comparative study, a total of 104 participants were recruited (52 participants in the "relatives of POAG patients" group and 52 healthy young adults in the control group). This study was conducted in accordance with the ethical standards of the Declaration of Helsinki and was approved by the Pamukkale University Ethics Committee.
Study population
The eligibility criteria for the study group include the following: (1) being between 17 years and 45 years of age; (2) having visual acuity of at least 20/20; (3) having normal anterior and posterior segments by clinical examination; (4) having at least one POAG relative (1 st or 2 nd degree); and (5) being able to perform high-quality optical coherence tomography (OCT) examinations. Individuals with preexisting systemic medical conditions, pre-existing ocular disorders, any history of ocular surgery, a refractive error of >2.0 D, or abnormal keratometry readings (i.e., >46 D or <42 D), or those using ocular or systemic medications were excluded from the study. There were no relationships between the participants in the study group. In the present study, the participants' first-and second-degree relatives who had POAG consisted of parents (n Z 38), grandparents (n Z 8), and aunts and uncles (n Z 6). The inclusion and exclusion criteria for the age-matched healthy controls were the same, except for having a POAG relative. Participants who were not sure about their family history for glaucoma were also excluded. Additionally, we checked the medical records of the patients in order to confirm the POAG diagnosis. In some cases, we invited the patients' relatives to perform the ophthalmological examination. Despite our efforts to reveal the exact family history of the participants, it is not always possible to have the complete glaucoma history of every member of the family tree.
Ocular examination techniques
One of the eyes of each participant was selected randomly for the study. There were 28 right eyes and 24 left eyes in the study group, and there was 32 right eyes and 20 left eyes in the control group. All the participants underwent ocular examinations, including a visual acuity assessment (Snellen chart), an automatic refractometer measurement, biomicroscopy, gonioscopy, IOP measurement, stereoexamination of the optic nerve head and macula, pachymetry, and OCT. The OCT measurements were taken with spectral-domain (SD) OCT (Spectralis software version 5.8, Heidelberg Engineering, Heidelberg, Germany). Posterior pole asymmetry analysis (PPAA), macular hemifield thickness, peripapillary RNFL thickness, macular GCC thickness, and RAC measurements were performed with the SD-OCT. In the PPAA technique, a macular thickness map is divided into 64 squares (an 8 Â 8 square grid) centered on the foveola (Figure 1 ). PPAA provides the data derived from the square-to-square comparison between corresponding squares across the hemisphere within each eye. In this study, we compared the mean superior hemisphere thickness and mean inferior hemisphere thickness, in addition to the square-to-square comparison. Hemisphere asymmetry was calculated by comparing each cell in the inferior hemisphere with the corresponding cell in the superior hemisphere, and displayed as an asymmetry map. For a square-to-square comparison between superior and inferior hemispheres, at least two consecutive black squares were taken into consideration. A black square indicates that the difference between two corresponding superioreinferior retinal square thicknesses is > 30 mm. Squares that cut through a blood vessel were not included for analysis, as the retinal thickness in these squares is measured to be thicker. The PPAA screen also shows the average thickness values of superior and inferior macular hemifields. For peripapillary RNFL analysis, the thicknesses of all the quadrants (superior, inferior, temporal, and nasal) were recorded separately.
The GCC consists of the three innermost retinal layers: the RNFL, the ganglion cell layer, and the inner plexiform layer. For GCC analysis, the PPAA macular screen was chosen. We measured the thickness of GCC using manual caliber tools provided by Spectralis software (Heidelberg Engineering, Heidelberg, Germany). In order to achieve standardization, the horizontal placement 3 mm temporal to the center of the fovea was chosen arbitrarily to measure GCC thickness in all eyes (Figure 2) .
For RAC analysis, the three largest retinal arterioles passing through an area of one-disc diameter from the optic disc margin were measured (Figure 3 ). RAC measurements were taken with the manual caliber provided by the Spectralis software (Heidelberg Engineering, Heidelberg, Germany) on the peripapillary RNFL analysis screen. A magnification of approximately 250% was used to detect borders of arterioles more accurately. The mean thickness values of retinal arterioles were calculated for each participant and recorded for analysis. The CCT was measured by a contact ultrasound pachymeter (UP-1000; Nidek, Gamagori, Japan). IOP was measured by noncontact pneumotonometry (Tonoref II; Nidek). Visual field testing was performed only on the participants who raised the suspicion of having glaucoma in the clinical examination and OCT measurements.
Statistical analysis
For statistical analysis, SPSS version 17.0 software for Windows (SPSS Inc., Chicago, IL, USA) was used to analyze the outcomes. A p value <0.05 was considered statistically significant. All data are expressed as the mean AE standard error of the mean. Independent sample t test was used for comparison of macular hemifield thickness, peripapillary RNFL thickness, GCC thickness, RAC, CCT, and IOP measurements between the study and control groups. A Chi-square test was used for comparison of consecutive black cells (PPAA) between the groups. The Pearson correlation test was used to detect the association between RAC, IOP, and RNFL thicknesses. 
Results
The mean age, sex distribution, refractive error, IOP, CCT, and vertical cup-to-disc ratio of the participants are shown in Table 1 . Age and sex distributions were similar in both groups. Although the mean IOP value of the study group was slightly higher than that of the control group, the difference was not statistically significant. The mean CCT and vertical cup-to-disc ratio values were similar in both groups. We did not diagnose glaucoma in any of the participants by clinical examination and diagnostic tests.
The mean peripapillary RNFL thickness was 104.9 AE 8.8 mm in the study group and 105.6 AE 7.4 mm in the control group (p Z 0.68). Segmental peripapillary RNFL thickness (inferior, superior, nasal, and temporal) measurements are shown in Table 2 . There were no statistically significant differences in thickness of the quadrants between the study and control groups.
The total, superior, and inferior hemifield macular thickness measurements are shown in Table 3 . All the fullthickness macular measurements were slightly higher in the control group than in the study group. PPAA revealed no statistically significant difference between the groups in the aspect of consecutive black squares (p Z 0.79). The mean thickness of GCC was 83.4 AE 5.9 mm in the relatives of POAG patients, while it was 83.6 AE 5.9 mm in the healthy controls (p Z 0.87).
The mean RAC was 85.9 AE 4.8 mm in the study group and 86.0 AE 5.0 mm in the control group (p Z 0.90). A slightly negative correlation was observed between RAC and IOP when all the participants were analyzed (r Z À0.11, p Z 0.28). A statistically significant moderate correlation existed between RAC and the mean peripapillary RNFL thickness (r Z 0.39, p < 0.001).
There were no significant differences between the firstand second-degree relatives of POAG patients with respect to the mean RAC, RNFL, GCC, CCT, and PPAA (p > 0.05). Moreover, visual field analysis did not show any glaucomatous damage in participants who performed the tests.
Discussion
This study shows that characteristic glaucomatous damage indicatorsdincluding peripapillary RNFL thickness, GCC thickness, IOP, CCT, RAC, and PPAAdwere similar in young relatives of POAG patients and healthy controls. Since age is an important determinant in the occurrence of POAG, we included only young adults in order to eliminate the agerelated risk of glaucoma. With the development of SD-OCT and new software programs, it is now easier to detect glaucoma in individuals at early ages. Macular thickness measurements have been investigated for an early diagnosis of glaucomatous damage. Several studies have shown that early glaucoma diagnostic capability of macular thickness measurements was generally lower than that of peripapillary RNFL thickness measurements [10e12]. The most possible reason is that the measurements of macular thickness include thicknesses of outer retinal layers that are not affected in glaucoma, which may influence the sensitivity of the test; by contrast, peripapillary RNFL can estimate early glaucomatous changes because it contains only retinal ganglion cell axons [13] . In our study, total and hemifield macular thickness measurements were lower in the study group, while peripapillary RNFL thickness values were similar in both groups. Although this result is worthy of attention, it does not indicate the superiority of macular thickness analysis over peripapillary RNFL thickness analysis in early diagnosis of glaucoma, since there was no evidence of glaucoma in any of the participants.
In the presence of practically identical RNFL measurements, the smaller total macular thickness value in the study group compared to that in the control group may be an incidental finding. The approximately 5-mm difference in retinal thickness is statistically significant, but it may be clinically irrelevant. In addition, the likely false positive rate of such a diagnostic test (i.e., macular full-thickness analysis) might be high. The measurement of perifoveal GCC thickness has emerged as a new early diagnostic parameter of glaucoma in recent years [14] . It has been reported that glaucoma preferentially affects GCC rather than all macular layers [15] . Therefore, we measured the thickness of GCC in addition to total macular thickness. Although the mean total macular thickness was thinner in the study group, the GCC thickness was similar in both groups. Apart from our results, Rolle et al [16] reported that the eyes of individuals with a positive family history for POAG have significantly thinner RNFL and GCC than normal eyes. That difference seems to be a result of the younger age of our participants and the different measurement techniques; we made the GCC measurements manually using the caliber tools of the OCT software. In addition, different OCT devices may give different measurement outcomes, since they differ in terms of scan time, tissue resolution, frame rate, and software.
Nakatani et al [17] found that macular parameters in SD-OCT had high discriminating power for early glaucoma, comparable with peripapillary RNFL parameters. Um et al [8] reported that macular hemifield thickness asymmetry has a better performance than average peripapillary RNFL thickness measurements with respect to diagnostic sensitivity, especially in eyes with early-stage glaucoma. PPAA demonstrates more localized macular thickness differences when compared with the total or hemifield macular thickness measurements [18] . PPAA detects localized retinal nerve fiber defects with high sensitivity and specificity [18] .
Asrani et al [19] suggested that early recognition of glaucoma might be easier by combining the diagnostic potential of peripapillary RNFL thickness with PPAA. In this study, PPAA showed similar values in relatives of POAG patients and in healthy controls.
In population-screening studies, the ratio of glaucoma diagnosis is generally high in relatives of POAG patients [20e22] . In the present study, we could not make a glaucoma diagnosis in any of the participants, neither in relatives nor in controls. The reason may be that our patients were younger than 45 years. The participants in both groups had similar IOP and CCT measurements. The normal peripapillary RNFL characteristics, in which segmental thickness decreases in the order inferior > superior > nasal > temporal, were observed in both groups.
Kawasaki et al [9] reported that early retinal vessel alterations are involved in the pathogenesis of open-angle glaucoma, and they suggest that measurements of RAC might be useful for identifying people with an increased risk of developing glaucoma. In this study, we performed RAC measurements in a high-risk glaucoma population (i.e., relatives of POAG patients) and found no significant difference between young relatives of POAG patients and healthy controls in terms of RAC. Similar to previous reports [23, 24] , we found that RAC is associated with peripapillary RNFL thickness.
Our study has its limitations. First, we measured the thickness of GCC at a single point rather than at multiple points because of the relatively old software version. Second, RAC examinations generally have some limitations of their own, such as obtaining measurements from only one retinal image and also the fact that measurements do not reflect the exact three-dimensional structure of the vessels. Last, it would be valuable to have some additional functional parameters such as a pattern electroretinogram, which reflects retinal ganglion cell damage.
In conclusion, we did not detect any early glaucomatous damage in young relatives of POAG patients after measuring peripapillary RNFL thickness, GCC thickness, RAC, and PPAA. Additionally, CCT, IOP, and cup-to-disc ratios were similar in both groups, except for macular fullthickness measurements. As expected, age seems to be the main determinant in the occurrence of glaucomatous damage in relatives of POAG patients. Further prospective studies that would determine the changes in retinal thickness measurements with time are required.
